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Тема ВКР: 
Исследование ТС трубопроводов и эффективности применения сканера-дефектоскопа 
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автономном округе Югра г. Нефтебганск. 
Преобладает континентальный климат. Приравнен к 
районам Крайнего Севера.  
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Инженерно-геологические условия для ремонтных работ 
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2. ГОСТ 12.4.011-89 «Система стандартов безопасности 
труда. Средства защиты работающих. Общие требования и 
классификация».  
3. ГОСТ 17.2.3.02-78 «Охрана природы. Атмосфера. 
Правила установления допустимых выбросов вредных 
веществ промышленными предприятиями»  
4. ПБ 08-624-03 «Правила безопасности в нефтяной и 
газовой промышленности»  
5. ГОСТ Р 12.1.019-2009» Система стандартов безопасности 
труда. Электробезопасность. Общие требования и 
номенклатура видов защиты»  
6. РД 25.160.10-КТН-004-08 «Технология проведения 
сварочных работ на действующих магистральных 
нефтепроводах» 
Перед проведением ремонтных работ должны быть 
выполнены подготовительные мероприятия. 
Работников, выполняющих работы по замене дефектных 
участков магистральных трубопроводов необходимо 
обеспечить спецобувью,  спецодеждой и другими 
средствами индивидуальной защиты. 
2. Производственная 
безопасность: 
2.1. Анализ выявленных 
вредных и опасных факторов  
2.2. Обоснование 
мероприятий по снижению 
воздействия 
Отклонения от нормальных метеоусловий могут стать 
причиной различных заболеваний. Вредные вещества 
влияют на сердечно-сосудистую систему и на показатели 
крови. Шум создает значительную нагрузку на нервную 
систему человека, оказывая на него психологическое 
воздействие. Нормирование вредных воздействий и 
использование средств индивидуальной защиты может 
снизить влияние вредных факторов.  
Пожаро и взрывоопасность представляет угрозу для жизни 
и здоровья работников в зоне проведения работ по ремонту 
трубопровода.  
Термическое действие тока вызывает ожоги и, 
перегревание сосудов и нарушение функциональности 
внутренних органов.  
При соблюдении правил безопасности проведения работ и 
использовании средств индивидуальной защиты можно 




Для снижения уровня загрязнения атмосферы 
осуществляют мероприятия по сокращению потерь 
природного газа от утечек при транспортировке.  
Попадание на почву загрязняющих веществ с работающей 
техники и оборудования устраняется 
природовосстановительными мероприятиями и 
ограничением площади работ. 
В водные объекты могут попасть загрязняющие вещества с 
работающей техники. Необходимо исключить слив 
отработанного масла, разлив горюче смазочных материалов, 
мойку механизмов и автотранспорта в неустановленных для 
этого местах и т.п. 
4. Безопасность в 
чрезвычайных ситуациях: 
В районе деятельности возможно возникновение ЧС: 
• врыв или возгорание природного газа, паров 
нефтепродуктов; 
• разрушение газопровода; 
• падение трубоукладчика в котлован; 
• вылет герметизаторов или разрушение глиняной пробки. 
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The master's thesis contains 143 pages of text material, 34 figures, 28 tables, 
58 sources, 2 annex. 
Key words: main gas pipelines, flaw detector, compressor station, clutch, risks, 
stress-strain state, diagnostics, automation, transportation. 
The object of study are the flaw detector IntroScan A2072 and the pipeline from 
the compressor station that was examined with IntroScan. 
Purposes of the work – analysis of the technical condition, justification of the 
appropriateness and effectiveness of the flaw scanner-detector INTROSCAN A2072 
in Gazprom Transgaz Surgut LLC; analysis of risks and conditions of pipelines in KS-
4 Priobskaya; platform development. 
As a result of the analysis, it was found that IntroScan A2072 meet 
requirements of the control system for the technical condition and integrity of the area 
facilities of compressor stations of PJSC Gazprom. 
There were calculations on strength and stability in the research process. 
Measures for the protection of labor and the environment, technical and economic parts 
are given. As a result of the research, diagnostics was held on the technical condition 
of the pipeline, an analysis of the reliability indicators of the pipeline section was held 
as a prediction. And also there was analysis of gas pipeline risks. 
The novelty of the work lies in the application of software for calculating the 
VAT of defective and most dangerous places of the pipeline. Developed platform for 
flaw detector. For the first time a risk calculation of a section of the Surgut-
Nefteyugansk pipeline was performed and robotic flaw detectors were compared. 
The practical significance of the work lies in developing a platform for a flaw 
detector; analysis risks and calculations of pipeline can be used for further decisions 
on its operations. 
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             ,            
    ,                     
                     [10].  
      [20]      
    .  –               
              
           .             ,    
   ,                  .               
  :  
     
     -     
      
     
    
               
   ,                   
.                     
              ,       
      [22].            ,  
    ,                     [7]. 
  :  
           . 
                   . 
           .  
    .  
 
  23 
 
  № .   
  
  
  :  
        2 . 
             ё         
. 
               . 
    -   я я 
                         . 
        , . .          
                    ,         
                .    
                   .        
                ,      ,          
        [11].                  ,  
                          [9]. 
  :  
                    .  
           .  
    .  
           .  
   :  
     ,               . 
              ,            . 
я   я я 
           
    ё                            
   [21,23].                   
        (       ),           
      .                  
                 ,  ё    
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  № .   
  
  
                        
    [15].  
  :  
           . 
             . 
   :  
         ,         . 
  я я. 
              ё              
                      
                    .   
                               
(          ,                . .),     
                      ,   
-              .  
  ,   ,     -          
                          ,   
        . 
       
 .     ,  
-     ,  
 ,    –  3.    
              .         
32%        .  
    , ,         
                .    ,    
                      
                             
    . 
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 3.      . 
 
      -      
      [6]. -                 -
   (    4).            
             
       ,   
   .        
                           [6].  
 
 4       
 
 
    2  (   ). 
         
    ,         
      (  
5).         [12]. 
  :  
               . 
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  № .   
  
  
           ё      .  
  :  
                  
( ,   ,   ). 
         . 
                  . 
   . 
 
 
 5.       
 
 
       1. 
 
 1 –     
       
 
    
:   
 ,   
  2     
0,5  
  
    




 ( ) 
    
 ,  
  1  
           
          
   . 
        
         
       
      
 
 ( ) 
      
,     
 
    
     
 
     
      ,   
          
           ,   
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  № .   
  
  
  1 
 
 ( ) 
    
  ( , 
, ,    
) 
  :   
   
 
 ( ) 
   




   
     
    
 (    ), 
   
   ,     
 
   
 
  -
    
  
   
 
( ) 
   
,  ,   
1-4   
  
     
   
 
 ( ) 
   
 
    
  
   
 
 
 ,      
,    :  
               
                         
   . 
                       
             
           . 
             
    ,                  
     [34]. 
1.3.    
      
 ,   . ,    
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  № .   
  
  
    ,  
    ,     
.        
 (R≤3D);  ;     
.      
     , ,  
 ,       . 
     ,  
    . .        
 40%        
     
 .       
2015 .   «   ». 
      
     
    , ,   
        
. 
        
    ( ,  
  . .), ,   ,      
    . 
         
   ,     
    .   
     
     -
,        
    [35]. 
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  № .   
  
  
     ,  
,   3 : ,    
 –   ( )   
«  ».  
     -
   ,   -  
   II       
-     ,     40%  
   .     
     
    - ,  
    .  
       
 ,     
   .    
         
  . 
   –   
      , 
      .  
     .   
      , 
  : 
      ; 
     ; 
      ,   
    ,    
  .  
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  № .   
  
  
    ,     . 
  ,    
     . 
      
,         
   .        
   - ,     
        ,    
   .  
      
    -   . 
 ,  ,   , 
 –  -  .     
.  
     ,   
       ,   
 ,     . 
      
   .  , 
       
 ,      
, ,      
 -  . 
1.3.1.   
      
 .    
:  
   – ,    . .;  
     , , ;  
 
  31 
 
  № .   
  
  
  ; 
 ,     .  
    : 
  ,  ,  - ,  
      ;  
 ,         
,      ;  
  ,     
   ,  ,    
   .  
      
   NG-RX (  6). 
 
 
 6.     NG-RX 
 
NG-RX        
   300    . 
       300 ,  
    .     
     . 
     
 ,       84 ⁰  
 ,        
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  № .   
  
  
.         
     [25].  
   DIGIMAX   FW-150S   
TARIS   SIGMA (  7). 
 
 
 7.  FW-150S ( )  SIGMA ( ) 
 
       
           
    (  3.18) [26], [27]. 
1.3.2.   
       
,       CR-219 
(  8). 
  CR-219    
       
200  530 . 
 
 8.   CR-219 
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  № .   
  
  
    . ё   ,  
     ,   
     .  
  ё    
    .  
     -  
,   8     
.   13 / . 
1.3.3.    
  100%     
        
 .    « »    
    -400- - , 
     500-1400  
(  9). 
 
 
 9.    -400- -  
 
      
   (  ),  
        
:     (  ),   
     -
 
  34 
 
  № .   
  
  
  ( )     -
 ( - ).  
     
    , :  
    ;  
  ;  
    ;  
       ;  
     / .  
       
  - ,  ,  ,  
      - .  
     
     240    ,   
    50 / ,      
   D  = 700 – 1000    25 / .  
     , 
:  
     ;  
        ; 
     ;  
    ; 
      
;  
     [28].  
  -400- -    
  :  
    ;  
  ;  
 
  35 
 
  № .   
  
  
     ;  
         
 ,     .  
      
  ,    
  ,      
   .  ,   
« »,       
  ,     ,    
 . 
       
  ,    . 
        , 
       
     .  
      
   ,  ,   
 , ,   ,   
   .  
      
      ,   
       
   [29].  
    -  
  ,     
  SH   .   
         2  
    .    
      
    ,    
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  № .   
  
  
[5].         
  (  10). 
 
 
 10.     
 
       
  .       
       , 
     ( , ). 
          
 .      ,   
 ,     [16].  
      
 ,    100%  
  (  11). 
 
 
 11.    
 
       
  .    -
,       (  12). 
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  № .   
  
  
 -     
 (25-40⁰)     ,    
      . 
 
 
 12.    
 
        
       
       1  (   
 90%)    ± 0,5  (   80%).  
         
   ,     
     [30]. 
  ,     
,     -  
  « » .      
    « »,  
    700-1000  (  13). 
 
 
 13.     « » 
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  № .   
  
  
   -    
          
      [31].  
    2-  ,    
 ,        
 .        
    (  14). 
 
 
 14.    
  
    - ,    
     . 
   ,    
  .     
 Wi-Fi. 
   10 / .     
     ,   –   . 
     2   
     .     
     ,   
       
 [32].  
,      -
 2072 IntroScan (  15),   , 
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  № .   
  
  
          




 15.   2072 «IntroScan» 
 
-      
  ,    
      -  
          
 (   ,   
 SH- ).  
2072 IntroScan (  16)    
    ( , , 
, -  )   300 .  
       
    - ,   , 
   300×250 . 
       
 .  -     , 
     «  – 
»,        
,    « »     
   .  
 
  40 
 
  № .   
  
  
      
,          
       .  
      5 / .   
        .  
-   ,   
 ,        
  ,  -    
    .  
       -
     ( ),  
        
     –     
      (  
    10%    ,  
   4 000 ). -    
         3D 
(  16) [33].  
 
 
 16.     -  
2072 IntroScan 
 
   –   
,      
     . 
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  № .   
  
  
      
 ,  ,       
      
         
.  
      
   2. 
 
 2      
 
    
    
  10 %   
 
   -  
    
     
     
    
 
       
     
 
    
    
-  
    
   
     
  
          
  -
 
   
     
  
   
   (   
300 )    
  . 
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  № .   
  
  
1.3.3.1.     
      , 
 ,       
  . 
      – -   
«  « »     ,   
   [36].    
     
 ,  :      
   30-40 %   . 
 -        
        
.         
,      . 
-      «  » [37] 
 ,  -  ,   15 %  , 
     -    ,  
  .   ,   
,  ,      
,    –      
.  
    –     
« » [32],     , 
 -  .       5 % 
  ,   /      
        
 .           
    250 .    
      
[13].  
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  № .   
  
  
       3. 
    ,  
,        
      
     
 .        
   ,    
 [14]. 
 
 3    




 « » 










 500-1400  700-1000  500-1400 
,  12 85 100 
  
  ,  
 1500  1000  550 
  
 , /  
5 10 12 
    









-  -   400 , 
 , 
  




 700 , 
 
 
  , ,  ,   
 





15 %   
; 30%  
  
. 
  5 % 
  
 




   1 
        
     .  
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  № .   
  
  
 , ,          
                  
    .    ,            
                       
            .         32%  
          .  
        
.  ,      
 ,           
         . 
       
    (     
 (R≤3D);  ;     
 ( )),   45%     . 
        
   ,     
 . 
 ,      
    ,  
 ,       
. 
      
       
  –      
 . 
       
 ,     
 IntroScan A2072,       
      (12 ),  
 (  8 )    (  1500 ). 
 
 




 .  .  
 .  . . 
 .  
 -    . . 
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2.   -  
«INTROSCAN A2072»    
     
      
       
   ,      
     ,   
     .    
       . 
       
         
.     ,   ,   
 ,      
        
    [39].    
        
   : 
1.      ( ), 
: 
•   .    
   ; 
•        . 
       50 %; 
•        , 
 .      -
  ( )     






  № .   
 
 
  -  
«IntroScan 2072»    
          , 
     . 
2.    ( )  :  
 ( )         
      
,        
  [40].       
     .    
      . 
3.    ( )    
         . 
        
     -   
   , ,  
         
   [41]. 
        -
 Introscan A2072,     
     : 
      
       
.     (   – 10 ; 
    1  – 32)    
 0,2 . ./  (9,1 .  1 . . ). ,   
       10   25    
,        
     25 ,    
   0,3 . ./  (3,5 .  1 . . ). 
       




  № .   
 
 
  -  
«IntroScan 2072»    
     (  
          
    10 ). 
       
  -  A2072 «IntroScan» 
    ( , , 
)   (  ,  , 
  ) . 
 , Introscan A2072     
      , 
       .   
     ,  
         
 , ,  .   
    - ,   
        .  
 ,      
         
  ,      
    .   
     , 
        30 .  
   ,    Introscan A2072,  
 ,       
       .   
       .  
        
.      .  
 Introscan A2072   , 




  № .   
 
 
  -  
«IntroScan 2072»    
  .    ,  
      
- .  
       
         
  [40,41].      
  Introscan A2072 «    
     
    « » (  4). 
 
 4  -    
 «IntroScan» 
    
    
      10% 
  
91%  
 90%  
  
 15% 
     
 
630  250  
  
    
18 . /  6 . ./  
    








   
    
,    
    1,5 Dy 
- - 
   




   2 
       
      -  
    . 
        -
 Introscan A2072,     




  № .   
 
 
  -  
«IntroScan 2072»    
•       
  12 . ./ . 
•        
  (       
         10 ). 
•     15%    
   91 %.     
   . 
   2072 «IntroScan»     «  
 »     
Introscan A2072 «       
      « ». 
      
     ,  : 
•         
 ; 
•        
  ; 
•     ( ,  
)   ( ) ; 
•        
« »    ; 
•   ,    
        
     . 
        
       ; 
       
  . 
 
 




 .  .  
 .  . . 
 .  
 -    . . 
.    
 
 ч  
.  
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3.   
3.1       
     -  
 ,     ,  
,  . 
  : 
-        300  -  
     ; 
-     -  
 ; 
-         
        
       . 
      
     , 
: 
-      
   ≥300 ; 
-       
      ; 
-       . 
    ,     
    ,   
-  ,     
 ,       
   ,      




   № .   
  
 ч  
 
 - ,       
 . 
  (  17)     
   , : 1 - ; 2 - - ; 3 - 
 ; 4 -  ; 5 - ; 6 - ; 7 -  
; 8 - ; 9 - ; 10 -  ; 11 -  
 ; 12 - ; 13 -  . 
 
 
 17        
 
       
     1     -
 2,      3.    
-  2    4   5, 
  6    7.   8  
 3,      -  2, 
    9.   3    10. 
   1       
 
52 
   № .   
  
 ч  
 
11   12.  5     
   13,    
. 
       
   :    
   ,   
.   6   5,   
     ,  
     .   
  3  8,     9 
       10,   
   5    .   
 -  2  .    5 
    (   , . )   
.      - .    
  5       
 .    -  2   
       . 
           
      12    
 -  2     5 
 :     - 
 2,        
 1 ( . ),       
,    ,  5 .  
    5   9    3 
      1   
,     10    
   5   1 ( . )   
.    5   1   
 
53 
   № .   
  
 ч  
 
  1      5  . 
   5   7    
         5,   
        5  
. 
       
  5   ,    13   
5    ,     .  
       7,   
  5     F1    
    F2.   F   
      : 
F =k *F1,  
 k  -      ; F1 - 
 . 
   F >F2   5   
    .   5,  
   7,     
 8    ,    7  
 5    .    
  .     
 ,     ,     
 5     ,  
  5,     
. 
 ,    6     
,           
          5 
  7. 
 
54 
   № .   
  
 ч  
 
      
        
   ,    
     . 
   3 
       
   -  IntroScan A2072. 
 ,       :  
       
 ≥300 ; 
      
        
(    ); 
 -      . 
         
  ,    
 ,      
.       
       
 ,     








 .  .  
 .  . . 
 .  
 -    . . 
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.  
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4   
4.1     
      
     ,   
        
,      1998 .  «   
      
   ». 
       
      . 
       
     : 
  –       33 ; 
  –       40-45 ; 
  (   )    45  60 ; 
  ( ) –  60 . 
     
     -4 
   2      
Intros an A2072.      30  
   «   ».  
     ,      
.      
   ,     







  № .   
  
ч  ч  
 
  18       
     .    45  
  ( ) ,   
       
      (  ) [19]. 
 
 
 18        
   : 1 –  40-45 ; 2 – 45-60 ; 3 –  60 ; 
/ R –  ; fl –   
 
        
    ,    
  ,      
  .  
 
4.2   
 ,       
 ,     
,  ,   . 
     ,  




  № .   
  
ч  ч  
 
,      ,  
  . .      
,       ,   
        
 . 
   ,   ,   
,   ,   
 ,  , , , , 
      . . 
       
 ,       
.         
 «   – –    
». 
  ,   ,  
   : 
    ,  ,  
   ; 
        
, 
     . 
4.2.1      
      
   Intros an A2072    -
   ,    19. 
     
    .    





  № .   
  
ч  ч  
 
 
 19   -4 " " 
 
        
          
. 
      
 ,       
112 , 335   . 
4.3.       
4.3.1   
      
    .    
       
 ( ,    -
 , , ,   . .),    
 ( ,     , 
). 




  № .   
  
ч  ч  
 
      
  «   2-2.3-112-2007»    
     [18] 
       5. 
 
 5 –   
  
  9 2  
D  –   ,  1020 
δ –  ,  12 
σ  –   ,  490 
σT –   ,  345 
t  –    14 
1 –  ,  5,4 
 –  ,  206000 
   III 
m –    0,9 
k1 –      
1,34 
k  –      
1,05 
µ–   
0,3 
α –      1,2·10-5 
 
4.3.2       
 
       [38]: 
12 RN  ; 
: σ N –   , ,   












       
 
         

 




  № .   
  
ч  ч  
 
      












   





(1 ) (1 0,3) 376,12
97







   
   
 
      . 
ψ2 – ,     
 ,      (σ N > 0) 
  ,   (σ N < 0)   
: 
, 
: σ  –     , , 
  : 
. . 2
0,9





     
 
 









    
 
 
       
:  
168,9 169,5   
 . 
4.3.3      
 
     














  № .   
  


















: σ  –      
     , ; 
ψ3 – ,     
 ,     (σ  >0) 














     
     
; 
: R2  –        
,       
σ  =350 ; 
    σ    
          
       . 
 ,    -    
      ,  
        
    –  ,  
      : 
2
E D
E t   


      

; 





0,3 252,4 1,2 10 2,06 10 97,0 76,45
2 1200






  № .   
  






0,3 252,4 1,2 10 2,06 10 43,5 120,36
2 1200
            

 . 
      




1 0,75 0,5 0,542
0,99 0,99
350 350




      









      
 
; 






R   
 
 ; 
214,5 385 . 
      
  . 
4.3.4       
 
       
        : 
S m N  , 
: S –       
, ; N  –   , ,   
    . 
       S 
          
        
 .  ,    




  № .   
  
ч  ч  
 
  ,     S 
  : 
   FTES  5,0 ; 
: 22 ( 14) 36T t t       ;  
F –    , 2: 




       2; 
5 5[(0,5 0,3) 250,4 1,2 10 2,06 10 36] 0,2 1,6S            . 
       
         
 : 
11 35242
009,4 JEFqPN  ;  
: 0 –      
  ; J –  ,   
: 




        4; 
q  -      
 ,       












 0   : 
 tgDP  0 ; 
:  = 2  –   ;  –   
       ; φ  = 25° – 






  № .   
  
ч  ч  
 




f =tg  ,  
, / ³ 
  








































 7.       
























































: n  = 0,8 –       ;  = 
7 / 3 –   ; h0=0,8  –      
    ; 
q  –       
   : 
qqqq   





: n  = 0,95 –        




  № .   
  
ч  ч  
 
 –   ,    ,   
=78500 / 3. 
 2 23,140,95 78500 1,02 0,996 1498,4
4
q        / . 
       : 
 gDq   ; 
 
 qq  1,0 ;  
: K  = K  = 2,30 – ,     
 ; q  = 0,635 , ρ  = 1046 / 3 –   
  ; δ  = 0,635 , ρ  = 1028 / 3 –   
   . 
 0,95 3,14 1,02 9,81 2,3 0,000635 1046 2,3 0,000635 1028 63,82q             / ; 
0,1 0,1 1498,4 149,84q q      / ; 
   – 149,84q  / . 
   ,     : 
2 2 210 10 5,4 0,996 0,04q p D         / . 
1498, 4 149,84 0,04 1648, 28q      / . 
0





                            
  
; 
0 3.14 1,02 (2000 14843,7 25 28019,6P tg       ; 
0,996 3,14 0,996
0,8 7000 0,996 0,8 1648,28 13272,1
2 8
q
         
 
 / ; 
 52 4 2 11 3114,09 28019,6 13272,1 0,02 2,06 10 0,00127 7942868,6N         ; 
0,9 7,94 7,86m N     ; 




  № .   
  
ч  ч  
 
        
     . 
      
      : 
JDkN  0
2 2 ; 
: k0 = 1 / 3 –    ,  
    . 
2 52 1 0,996 2,06 10 0,00127 3,8N         ; 
2 20,9 3,8 3,76m N     ; 
21,6 3,76S M m N      
     . 
     , 



































    – 31N   (  19). 
  ( )  ,  
 ,         
: 
;  
31,6 3,65S M m N     ; 
 ; 
3 2 2 1133 31 13272,1 2,06 10 0,00127 3,69NN q E J         




  № .   
  
ч  ч  
 
41,6 3,69S M m N     . 
     . 
 
 
 19.     n 
 
4.4      
 
 1       
 670     1,9 . 
      
   [18]  [38]     2.05.06.-85 
  III-42-80  ,      
: 
-         
; 
-    K: 







    




  № .   
  
ч  ч  
 
 0,9 –  ,   ,  










       
-         
          




p ,      
      : 
   
1,9
















         
     










              
. 
 σ1 –     , 














       
          
         
 
      : 
1  , 120,36 251,93   ,   ,   




  p       : 




  № .   
  
ч  ч  
 
      
       
  ,     ,   
   ;  6,9>5,4p p ,  . 
     , 
         
       : 
/ ( ) 330 / (3,14 1020) 0,103c D     , 
        G2 
1,9




          
   
; 
 G,      G1  
G2: 
1 2min( ; ) min(0,838;1,075) 0,838G G G    , 
  G1  G2       : 
1
1,9 345





                 




1 cos sin( )
2 2
2 345 1,9 1,9
1 cos 0,103 3,14 sin(0,103 3,14) 1,075





   
             
                  
  
 
       
. 
2  , 




  № .   
  
















             
           
               
  
     ,  ,   




2 24 490 12
10,28 











            
          
  
  pp     




    : 
/ 10,28 /1,5 6,9 pp p K    
      
  5,4        
 5        51164    
        . 
      -
 .        
.       
  .      
  . 
4.5     
 ,   ,  
     .    
   ,   .  





  № .   
  
ч  ч  
 
      
         
.       2–2.3– 112,  
  2–2.3–335–2009        
    . 
 
 ,     
,    ,  -
    .     
 ,      . 
 
        
       
       , 
   ,     
.         
,      2–2.3–112–2007. 
 
       
     ,  
        , 
    . 
4.5.1       
    
       8. 
 
 8     : 
  
    𝐸  58700  
  𝛿  0,012  
    650  
    ξ ξ=0,18 
  𝑑  0,024  




  № .   
  
ч  ч  
 
  8 
    𝐸  206000  
     𝑓 0,2 
   𝑟 0,0375  
     0,07  
     1,44. 
       0,320  
 
 –  -      
 ,    9.  
 
 9 -   . 
, 
 
  t   ё  
  0 20 40 60 80 100 120 140 160 180 200 
 t 0 5,9 6,6 6,7 6,9 7 6,8 6,5 6,4 5,8 0 
 
        
  l =160 ,        
        t1=5,9 , tn=5,7 






20 0,5(5,9 5,7) (6,6 6,7 6,9 7 6,8 6,5 6,4) 1054 
n
n i
A l t t t


      
          

 







    
  : 














  № .   
  


















     : 
   
2 2 12 490
0,46 6,1







    
  
 
   : 
/ 6,1 /1,5 4,06 pp p K    
  ˂ ,       
 ,     . 
          
. 







   

 
  φ0  -       
  : 
0
0,5 0,0375 0,5 0,07
arcsin 111 





                
 
  φ1  -      
    : 
1 0
0,5 0,51 0,5 0,012 0,0375
arccos 0,595 







                  
 





2 ( ) 2 0,2(0,595 0,111)
cos 0,556 cos(0,111) 0,557 





   
    
   
 
      




  № .   
  
ч  ч  
 
1=1−𝜇2=1−0,32=0,91 
 𝛽,       
   2 /𝑅 =1,05  δ`=δ/𝑅 =0,02,    
 21   0,95. 




























 21      
       
2∗ /𝑅  –         𝛿 = 𝛿/𝑅  ; 0,031(1); 0,027(2); 0,023(3); 0,019(4); 0,016(5) 
 




  № .   
  






























( ) 2 ( 0,5 )
(5,4 0,1) 0,9 0,95 2 2 0,556 1057,9(0,00368 0,5 0,000386)
3,4 
0,9 0,95 3,51







      
 
 














      
 =1,2·1,2=1,38= · –   ; 
 –       
 ; 
 – ,    
     . 
   , ,   
        
 , :  =  1,1  1,3.  =  1,1  1,2. 







    
 ,  ,      
  𝑝  >𝑝  ,     
 5,4      




  № .   
  
ч  ч  
 
   4 
     
     -4 
 (   )    Intros an A2072.  
      
 ,       
112 , 335   . 
 ,     «   2-
2.3-112-2007»: 
1.1.       
  ( 168,9 169,5  ); 
1.2.      
  ( 120,36 189,7  ); 
1.3.       
    (1,6 3,69 ) 
2.       
 .      
     6.9>5.4.   ,  
       
 5,4         5  
      51164     
       . 
 ,   ,  
     .    
   ,   .  
         12 
.       « -1020». 







   





  № .   
  
ч  ч  
 
       .  
     2–2.3– 112,    2–
2.3–335–2009        
    .   
  𝑝 . >𝑝 . (4.06>6,52) .      
.        (
1,61k  ),     ,    
      5,4  . 
 Introscan A2072      
     .  
 ,        
     . 
 
 




 .  .  
 .  . . 
 .  
 -    . . 
.    
 
  
-   
.  
144 
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5   -   
     -
  .     
     , 
  .   
    180 .   . 
           
 ,     . 
     
 -      
         
  .  ,    
   – ,   
      (  
  – ).  ,     
  ,      
   [43]. 
   ,     
       
       . 
       
         
     . 
         
       





  № .   
  
  -   
         , 
      . 
   ,    
         
   ,     
      /  
      . 
         
      , ,  
        
,         
,     
       
  Inventor. [42]. 
       
 -        
     ,    
  . 
      
  -  (  1)    
-    2.05.06-85 [45]. 
     « »  «3D- ». 
       2D-
    . 
        
   .    
  « »,     
.          «3D-




  № .   
  
  -   
   -  ,  
     «  »    
  5     .   
  ё .      22.  
 
 – 22       
 
       « » 
 ,    .   
    . 
 ,    ,  
 « » (  23). 
 




  № .   
  
  -   
 
  ,    
    (  24),     
     . 
 
 – 24      
 
 
    .   
 (  25)       
 1  — .    — 
168,9 ,       σ  = 345 
. 
 10 –       Inventor 
   
 52938500 ^3 
 415,567  
   0,563279 M  188,255 M  
1-    -21,4794 M  209,142 M  
3-    -122,804 M  39,4686 M  
 0  0,774866  




  № .   
  
  -   
 
 25     
 
 11 -        





 𝜎кцн ,    𝜎н ,   𝜎Е,  
1,3 252,4 120,36 188,3 
 
   5 
      
         
   .       
  Autodesk Inventor      
 1      . 
     -  
, ,       
(       , 
  -  ). 
     ,  
      .   
     ,     
     . , 




  № .   
  
  -   
 ,   -
      ,  
   -  . 
 ,     ,   
   .   
  ,        
-    . 
     -
        
     ,      
.       
         
     . 
 
 
   
 




 .  .  
 .  . . 
 .  
 -    . . 
.    
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6      
      
      
       
.        
      , 
  ,    ,   
,  ,      
  [46].  
   –    
  ,    
   . 
 "   " – -   
  " ".     
12   ,  ,     
 ,   –  6,5 . .     
     " " 
      
     10–20 %. 
     " "      "   
"         
 .      
-        
    .       
     ,  
          [47]. 




85    № .   
  
     
•      
    ; 
•     
 ; 
•       . 
6.2   
     " "      "   
"         
 .      
-        
    .   "  "   
,      
         
,    .   
         
,        
   » [47]. 
      
   2  : 1)   
(    ); 2) ,    
( )  .     
 "   "     4  
: , , , .  
6.3    
   ,      
,       
 ,        
        
        
 
86    № .   
  
     
      
(  26). 
   ё   ,    
  (    ). 
        
  ,  ,     
.       . 
        
,       
     ,  10-6,  
   λ=0,1  1000   . ,   
        
   .  
 
 
 26.   ,   
   . 
 
        « ». 
  4.18       ,   
2005     . ,   2010   
 
87    № .   
  
     
        
     λ=0,1. 
  10  (  2020 .)      
    7-9% .    ,   
 ,     15-20%    
 60   .        
 «   »,      
        
 ,       . 
  (  )    
 ,      
   .   –   
,          
 . 
     ,      
   .     
      (  
 ,   . .) [8]. 
    ,  
       
        
       –  
. 
     , 
       
 ,        [48].  
,        
 ,       
,    . 
 
88    № .   
  
     
 ,         
  , : 
1.   ,    
       
2.       
  .  
3.        
 ,     , 
       . 
    (     
)  ,       
   ,     
    . 
 ,       
         
.        
 ,        
        , 
      .  
        12 
 
 12      
  
     
    
      
     
   
    
   : 
   
    
   
 
      
 
   
    
     
  ,     
    
    
   
      
   
 
 
89    № .   
  
     
   ,    –   
      ,      
  . 
6.4    « - » 
   « - » (   -4 
  -5  )   100 ,  
 1020 ,   5,4 .      
         
       . 
 ,      « -
»       ( . 
 7.): 
1.    -4 « »,   . 
2.      . 
3.   . 
4.  . 
5.    . 
6.   -5 «  »,   
. 
    ,    
(  27). 
 
 
 27 –     « - », 
:  – -4 « »;  –  ;  –   




90    № .   
  
     
6.4.1        
 
       
.       (  
28),  : 1 –      . 2 –  
   . 1 –  . 3 –  
   . 4 –       
. 5 –     . 
 
 
 28 –       
 
 13 –    
    
 
6   -    12*10-5 
2    12*10-6 
I      
 
1,1*10-5 
II    1*10-4 
MIII    2*10-5 
5  1*10-6 /  
6     1*10-5 /  
19    3*10-6 
20    4*10-7 
21    1*10-4 
22  1*10-6 
23  1*10-5 /  
24    1*10-5 
 
 
91    № .   
  
     
  13 
25  1*10-6 
26   4*10-9 
7   12*10-4 
 
IV 
 : ( 11 –  ; 12 
– ; 13 –  ; 14 – ;  15 




7    3*10-5 
8   1*10-3 
9  ( ) 2*10-4 
10   1*10-6 
8   3*10-6 
17       1*10-6 
3   2*10-6 
9       
 
6*10-9 
18     2*10-4 
4        1*10-3 
 
 1   ,      
  .      
     .    
    . 
        ,  
  . 
    1 – «    
  » (  29). 
 
92    № .   
  
     
 
 29 –   1 – «      
» 
 




 30 –   2 – «     » 
 
93    № .   
  
     
        
 3 – «     » (  31). 
 31 –   3 – «     » 
 
  4 – «       
» (  32). 
 
 




94    № .   
  
     
, ,   5 – «     » 
(  33). 
 33 –   5 – «     » 
 
      (  ),  
   (  I,  II,  III,  IV),   
    ,   
     . 
        
  ( )      
,     ,   
  . 
  1 «      »: 
19, 20  21    II «   » 
   « »: 
( II) = ( 19) + ( 20) + ( 21) = 3·10-6 + 4·10-7 + 1·10-4 ≈ 1·10-4 -1; 
22, 23, 24, 25  26    III «  
 »    « »: 
( III) = ( 22) + ( 23) + ( 24) + ( 25) + ( 26)= 
= 1·10-6 + 1·10-5 + 1·10-5 +1·10-6 + 4·10-9 ≈ 2·10-5 -1; 
 
95    № .   
  
     
II  III   6    « »: ( 6) = P( II) + 
( III) = 1·10-4 + 2·10-5 = 12·10-5 -1; 
5  6    I «     
 »     « »: 
( I) = P( 5) + ( 6) = 1·10-6 + 1·10-5 = 1,1·10-5 -1; 
 1 – .     6, 2  I  
  « ».  : 
F( 1) = ( 6) + F( 2) + ( I) = 12·10-5 + 12·10-6 + 1,1·10-5 ≈ 1,4·10-4 -
1. 
  2 «     »: 
7, 8, 9  10    7 «  »  
  « »: 
( 7) = ( 7) + ( 8) + ( 9) + ( 10) =  
= 3·10-5 + 1·10-3 + 2·10-4 1·10-6 ≈ 12·10-4 -1; 
 2    .    
 7, I, II, III  IV    « ».  
 : 
F( 2) = ( 7) + F( I) + F( II) + F( III) + ( IV) = 
= 12·10-4 + 1,1·10-5 + 1·10-4 +2·10-5+1,2·10-3≈ 1,3·10-3 -1. 
  3 «     »: 
3  17    8 «  »  
  « »: 
( 8) = ( 3) + ( 17) = 2·10-6 + 1·10-6 = 3·10-6 -1; 
 3    .    
 8, I, II, III  IV    « ».  : 
F( 3) = ( 8) + F( I) + F( II) + F( III) + F( IV) = 
= 3·10-6 + 1,1·10-5 + 1·10-4 +2·10-5+1,2·10-3 ≈ 1,3·10-3 -1. 
  4 «       
».  4 – .     3, I, II, 
III  IV    « ».  : 
 
96    № .   
  
     
F( 4) = F( 3) + F( I) + F( II) + F( III) + F( IV) = 
= 2·10-6 + 1,1·10-5 + 1·10-4 +2·10-5+1,2·10-3 ≈ 1,2·10-3 -1. 
  5 «     »: 
 9     7  18, 
 : 
P( 9) = P( 7) × ( 18) = 3·10-5×2·10-4 = 6·10-9 -1; 
 5 – .     9, 4, I, II, 
III  IV    « »: 
F( 5) = ( 9) + F( 4) + F( I) + F( II) + F( III) + F( IV) = 
= 6·10-9 + 1·10-3 + 1,1·10-5 + 1·10-4 +2·10-5+1,2·10-3 ≈ 1,3·10-3 -1. 1 = 2 
-1. 
  «    »   
  1, 2, 3, 4, 5  1,    
 « »: 
F( ) = P( 1) + P(M2) + P( 3) + P(M4) + P(M5)+ F(B1) = 
= 1,4·10-4 + 1,3·10-3 + 1,2·10-3 + 1,2·10-3 + 1,3·10-3 + 2 = 2,005·10-1 -1. 
 ,        
 ,        
  .        2 
-1. ,      
  ,   ,   
      
. 
   -      1,   
  «    »    
 1, 2, 3, 4, 5,     « »: 
F( ) = P( 1) + P(M2) + P( 3) + P(M4) + P(M5) = 
= 1,4·10-4 + 1,3·10-3 + 1,2·10-3 + 1,2·10-3 + 1,3·10-3 = 5·10-3 -1. 
 
 
97    № .   
  
     
   6 
       
     : 
1 –       – 1,4·10-4 -1. 
2 –      – 1,3·10-3 -1. 
3 –      – 1,2·10-3 -1. 
4 –        – 1,2·10-3 -1. 
5 –       – 1,3·10-3 -1. 
     «    » 
    «   »  2,005 
-1.        ,   
  0,005 -1.      
     100    «  
         
»,    «  
     
  »   
, -  ,   ,  
      . . . 
  (  14) [48]. 
 
 14         
№   







  10-6 10-8 210-3 1010 
  10-5 10-6 510-3 109 
2 -   10-3 10-4 510-2 109 
3  10-3 10-4 310-3 108 
4   10-3 10-4 510-3 107 
5 ,  10-3 10-6 >10-4 109 
6  (  100 ) 10-4 210-3 110-2 106 
 
 
98    № .   
  
     
      
       
 .    –   
   ,    
   . 
        
  .      
  .  ,   –  
       ,    
    . 
      
       ; 
       
      
      
;     ,  
     ё   -  
     . 
 
 




 .  .  
 .  . . 
 .  . . 
 -    . . 
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7.  , 
   
7.1 SWOT-  
SWOT – Strengths (  ), Weaknesses (  ), 
Opportunities ( )  Threats ( ) –   
  -  . SWOT-  
        (  15).  
 
 15 –  SWOT  




1.    
     
2.    
1.    
  
2.     
: : 
1.      
 
2.    
   
1.   
  
 
7.2      
          
          
     (  ).    
  ,     
       
  .     
   16.  
      (  
  )   : i ,   –  




100    № .   
  , 
  
 
         
    .    
   44,     ,   
     .   
     45 –   
. 
 









1   -
  
3 3 
2    






3     
( , )     
5 3 
4    - 






5      
  
4 3 
6    
  
3 3 
7    
  
3 3 
8  -   
  
3 3 
9     
   
3 3 





   








   






13    
   
2 3 
14     
  
2 3 
15     
 
3 3 
   44 45 
 
101    № .   
  , 
  
 
    ,      
     , 
 .      
        
  .     
     :      
 . 
7.3   
       
    .      
 17. 
 
 17 –    
 
 














1   1 12.02.2020 13.02.2020  . . 
 . . 




5 14.02.2020 19.02.2020  . . 
 . . 
3    
 
13 20.02.2020 03.03.2020  . . 
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3.1 Diagnostic Robotics 
Taking into account the significant length of the gas pipeline system (GPS) of 
the Russian Federation (over 160 thousand km of large-diameter gas pipelines) and its 
operation in the regions with difficult natural and climatic conditions, the scope of 
diagnostic works has fundamental features compared to the diagnosis of small gas 
pipeline systems in European countries (Germany, Italy, Holland, etc.) [8]. 
With increasing the GPS service life, the problem of evaluating performance 
and improving reliability based on diagnostic results becomes one of the top priorities 
and the main factors are as follows: 
- most of the field and gas transportation systems are constructed and designed 
in the regions with complex climatic and natural-geological conditions. Therefore, 
higher standards are used for the design of gas transportation equipment; 
- most pipelines (about 56%) have a service life of 33 years and 20% of gas 
pipelines operate at reduced pressure. Therefore, we need constant monitoring and 
assessment of their conditions [2]; 
- the domestic industry differs significantly from the foreign one. 
Failures, accidents and destruction at the GPS facilities can cause huge damage 
to the natural environment, infrastructure and humanity. Despite the modern 
technologies development for manufacturing pipeline transport, accidents are still not 
excluded. However, in order to reduce their number, non-destructive testing methods 
are applied.  According to GOST 16504-81 "Nondestructive testing is a method used 
for evaluating  the properties of a material, component or system without causing 
damage and which doesn’t disturb the suitability of the object" [1]. The most widely 
used methods are magnetic, acoustic, electrical and optical nondestructive testing.  
The largest volumes and varieties are characteristic of diagnostics at the 
operational stage. Besides performing various diagnostic works, according to the 
results of flaw detection, it is necessary to answer the main question on the operability 
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At the same time, classical solutions for pipeline diagnostics are not suitable 
for technically complex sections (bends, bends, turns, transitions of different diameters, 
etc.) and require the development of new technical solutions [3]. 
Generally, flaw detection is a focus of both engineers and scientists’ interest.  
At the same time, one of the features of the technical condition monitoring is that about 
45% of main gas line is not adapted for in-line inspection and requires various 
methodologies development and more advanced inline inspection tools. 
Mobile robotic systems development for technical condition diagnostics and 
non-destructive testing inside field pipelines is one of the directions of development of 
modern in-line diagnostics [4]. After all, automation of technological processes 
significantly increases labor productivity, reduces the number of workers and service 
personnel, improves working conditions, increases the productivity of equipment, 
which corresponds to the energy strategy of Russia until 2030 [7]. 
The robotic application rate is currently quite high in the industry. This is due 
to the fact that the operations performed have a high level of repeatability and are easily 
implemented in algorithms. Many operations have been replaced by automated 
systems. But in the oil and gas industry, the robotics rate is not high enough, and it only 
comes into use. In this case, the process of detecting, selecting types and measuring 
parameters of defects in the pipe base metal and welded defects during in-line 
diagnostics is automated. So, the question of a2072 IntroScan scanner-flaw detector 
effectiveness compared to its analogues arises. 
Modern robotic systems are high-tech devices that provide pipeline monitoring 
using several non-destructive testing methods at once. The combination of methods 
helps to more accurately determine the location of defects, their size, shape, and allows 
assessing the technical condition of the pipeline being diagnosed with a high degree of 
accuracy and its remaining life in order to ensure the pipeline safe operation.  
The advantages and disadvantages of self-propelled robotic systems are 
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Table 1. Advantages and disadvantages of self-propelled robotic systems 
Advantages Disadvantages 
A wide range of defects detection with a depth 
of 10 % of the monitored pipeline thickness 
High losses of the company due to the need for 
installation operation of the pipeline and its 
complete emptying 
High reliability of results due to the use of 
several control methods 
Restricted action radius in connection with the 
length of the cable or battery life 
The possibility of the flaw detector placing into 
the pipeline without using start-ups and 
reception cameras 
High cost of diagnostic work and equipment 
used 
High maneuverability Complexity of estimating the depth of crack-
like defects 
Real-time management Low monitoring speed compared to in-line 
flaw detectors 
No needs for testing disclosure of the ground of 
the pipeline section and removal of insulation 
for conducting in-line inspection 
It is impossible to inspect a small diameter 
pipeline (no more than 300 mm) due to the 
large overall dimensions of the devices used. 
The possibility of inspecting complex pipeline 
sections  
 
Automated speed control during in-line 
inspection 
 
The possibility of monitoring the raw inner 
cavity of the pipeline 
 
High information content of the received data, 
efficiency of providing the report 
 
 
One of the well-known robotic devices of in-line diagnostics is the robot tractor 
of ZAO Gazproekt (Figure 1) works mainly as a thickness gauge that detects pit 
corrosion [10]. At the same time, the rotating electromagnetic-acoustic sensor provides 
a low efficiency of detecting defects caused by corrosion: at best, it detects cracks 
deeper than 30-40% of the pipe wall thickness. 
Placing the robot tractor into the pipeline requires testing disclosure of the 
ground and firing operations to cut several coils in the process pipelines. In addition, 
the device is not able to pass vertical tees and this limits the scope of its application. 
The robot magnetic-wheeled scanner of ZAO “Introscan technology” [11] 
detects cracks formed due to corrosion, with a depth of 15% of the pipe wall and can 
be placed into the pipeline through a manhole or check valve, and can pass vertical tees 
(Figure 2). The small size of the robot, on the one hand, gives an advantage, allowing 
to perform inline diagnostics of small diameter pipelines, and, on the other hand, to 









Fig. 1 Remote-controlled diagnostic complex TDK-400-ML 
 
 
Fig. 2 Robotic complex a2072 “IntroScan” 
 
Another version of the robotic flaw detector is the robotic diagnostic tool of 
OAO “Orgenergogaz” [9], designed specifically to diagnose defects caused by 
corrosion (Figure 3). It can detect cracks with a depth of 5 % of the pipe wall thickness. 
It is placed into a manhole or check valve without cutting the pipeline and can pass any 
vertical tees and sections. For one loading into the pipeline, this flaw detector can 
perform a continuous scan of 250 linear meters of pipe without the batteries recharging 









Fig.3 Robotic system of OAO "Orgenergogaz» 
 
A comparison of the above-mentioned flaw detectors is presented in Table 2. 
In the future, the probability of detecting corrosion via the above-mentioned 
devices will make it is possible to detect analogous defects in the diagnostic support of 
technological pipelines general repairs. Moreover, another very important advantage 
of such devices is the defects elimination caused by human error [6]. 
 
Table 2 Comparative analysis of robotic flaw detectors 
Developer ZAO "Introskan 
technology" 
OAO « » ZAO "Diakont» 
Item  flaw detector A2072 " 
IntroScan» 
flaw detection complexity 
of technological pipelines 
TK-400-ML 
Nominal diameter of 
the inspected 
pipelines, mm 
DN 500-1400 DN 700-1000 DN 500-1400 
Weight, kg 12 85 100 
Monitoring distance 
from the loading 
point, m 
up to 1500 up to 1000 up to 550 
Speed of movement of 
diagnostic tools 
m/min 
5 10 12 
Communication line wireless connection 
(Wi-Fi channel) up to 
8 hours of battery life 
wireless connection (Wi-
Fi channel) up to 3.5 hours 





DN400 mm, check 
valve, process cut 
inspection hatch DN 700 
mm, check valve, process 
cut 
check valve DN 
700 mm, process 
cut 
Sensitivity of acoustic 
monitoring 
15 % of the wall 
thickness; 30% of the 
welded joint 
thickness. 
depth of 5 % of the pipe 
wall thickness 
more than 30-40 
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3.2 A design for a magnetic-wheeled flaw detector platform Introscan 
A2072 
Despite the revealed advantages in experimental and industrial exploitation, the 
flaw detector platform’s drawbacks Introscan A2072 have been identified as well. 
They are as follows:  
- maneuvering with DN 300 mm tees is not possible due to significant radius 
of rotation and dimensions; 
- not overcoming vertical obstacles due to the platform configuration; 
- when tipping, the platform becomes unrecoverable due to metal debris 
sticking to the magnetic wheels while moving on the pipe side surface [12]. 
This invention provides novel means for a small-sized platform of a magnetic-
wheeled pipe flaw detector. It allows: 
- performing unlimited maneuvering in a complex pipeline manifold with DN 
≥ 300 mm; 
- overcoming vertical obstacles in a pipeline manifold without being equipped 
with a mechanism to deactivate magnetic wheels; 
- automatically turning over on its wheels after a possible tipping. 
The invention concept lies in the fact that the presented flaw detector platform 
containing magnetic motor-wheeled modules comprises a longitudinal axis 
interconnecting the platform chassis with rotation limiters via longitudinal joints. In 
addition, the longitudinal axis has a transverse joint and extreme bushes of the 
longitudinal axis are connected to the gear motors shafts mounted on the extreme 
chassis of the platform longitudinally. 
Figure 4 shows the platform for a magnetic-wheeled pipe flaw detector, where: 
1 - chassis; 2 – a gear motor; 3 - longitudinal axis; 4 - an intermediate bush; 5 – a wheel; 
6 – a ring magnet; 7 – a non-magnetic plate; 8 – a bush; 9 – a stop; 10 – a transverse 









Fig. 4 A platform for a magnetic-wheeled pipe flaw detector  
 
In terms of design, the platform for a magnetic-wheeled pipe flaw detector 
consists of three chassis 1 with mounted gear motors 2 and interconnected with a 
longitudinal axis 3. Wheels 5, ring magnets 6 and non-magnetic plates 7 are installed 
on side gear motor axis 2 via intermediate bushes 4. Mounted on the shafts of the 
longitudinally mounted gear motors 2, the extreme bushes 8 of the longitudinal axis 3 
are fixed by the stop 9. The longitudinal axis 3 has a transverse joint 10. The extreme 
chassis 1 have some space for technique of the trolley 11 and a video camera 12 to be 
installed. The platform wheels 5 are equipped with non-magnetic inserts 13 equally 
spaced around the perimeter. 
This platform for a magnetic-wheeled flaw detector works as follows. 
The platform is installed on the inside surface of the steel pipe to be examined. 
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magnetization of the platform to the examined steel pipe. The provision on the 
longitudinal axis 3 of the bush 8 having capability of rotation limited by the stop 9 in 
sector C and of the transverse joint 10, ensure a complete fit of all platform wheels 5 
to the curved surface. Then, power is supplied to the side gear motors 2. If the platform 
wheels 5 rotate clockwise (Fig.1), the platform moves forward. If the platform wheels 
5 rotate in the opposite direction, the platform moves back. The rotation of the left and 
right wheels 5 in opposite directions ensures the platform rotation in place. The shafts 
of longitudinally mounted gear motors 2 in normal operation are not rotated due to the 
design of their gears [13]. 
When the platform of the magnetic-wheeled flaw detector tips on its side or 
roof, the operator working remotely through a video camera 12 and longitudinal gear 
motors 2, will turn over the platform. Switching on longitudinally mounted gear motors 
2 in turn, the operator achieves the parallel position of the central and right chassis 1 
(Fig. 1) to the surface onto which the platform has tipped over with the wheels 5 down. 
When placing the platform on wheels 5, the provision of the stop 9 on the longitudinal 
axis 3 ensures the forced rotation of all three chassis 1 relatively to each other. 
Moreover, after the above-mentioned adjustments, the provision of a transverse joint 
10 ensures the placing the right chassis 1 wheels 5 (Fig. 1) on the surface of the pipe. 
The magnetization force of the right chassis 1 wheel 5 and relative rotation of the 
adjacent chassis 1 allows putting the entire platform on the wheels 5. When putting the 
platform on the wheels 5, the non-magnetic plates 7 on the wheels 5 allow reducing the 
rotation torque. As the platform tipped sideways, the wheels 5 magnetization to the 
pipe surface is excluded. 
If the platform runs into a vertical obstacle, the wheels 5 will slip up until the 
non-magnetic inserts 13 of the middle wheels 5 will reach the desired position, i.e. the 
non-magnetic inserts will be downward. In this position, due to the non-magnetic plates 
7, the magnetization force of the front wheels 5 to the vertical surface of the obstacle 
F1 is greater than the force of their magnetization to the horizontal surface F2. The 
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Ft = kaw * F1, 
where kaw - a wheel-to the support surface friction coefficient; 
F1 – the magnetization force. 
Under the condition Ft> F2, the front wheels 5 of the platform begin to move 
upward along the vertical obstacle. The back wheels 5, also equipped with non-
magnetic plates 7, slip after running into a vertical obstacle until the non-magnetic 
plates 7 of the back wheels 5 occupy the desired position. Thus, the platform overcomes 
the vertical obstacle. Similarly the platform goes down from the vertical obstacle. With 
the front and then the back wheels 5 locked in a horizontal section, non-magnetic 
inserts should be parallel to the vertical surface due to slipping of the wheels 5. 
It is worth noting that the ring magnets 6 should be selected so that their forces 
will be sufficient to hold the platform in any position in relation to the examined object, 
even despite the provision of non-magnetic plates 7 on the front wheels 5 [14]. 
The absence of an additional mechanism for deactivating the magnetic field in 
the platform design leaves additional space for technological equipment placement on 
the platform, and kinematics provides unlimited maneuvering in complex piping. 
The proposed platform is adequate for designing small-sized pipe flaw 
detectors on its basis, as well as other technological devices used in various National 
Economy Sectors. The platform capability to turn over on its wheels independently 
eliminates the emergency situations occurrence during diagnostic work, and 
kinematics provides unlimited maneuvering in a complex pipeline manifold. 
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